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SOIIF:   EXPERim''MTf=^   UPON   THE   RELATIONS   BETWEEN 
ETHER,   MTTER,   ANT)   ELECTRICITY. 


Since  the  development  of  the  wave  theory  of  light 
"by  Huygens  in  1678  the  most  important  problem  which  has  con- 
fronted the  physicist  has  been  the  determination  of  the  na- 
ture and  properties  of  the  medium  which  we  must  imagine  to 
fill  all  space  for  the  propagation  of  the  waves  which  give 
rise  to  the  sensation  of  light.    Numerous  ethejs  have  been 
postulated,  each  with  properties  which  might  account  for  the 
phenomenon  under  consideration,  but  none  of  which  have  made 
any  claim  to  universal  application.    Green  has  developed 
extensively  the  elastic  solid  theory  and  has  even  made  esti- 
mates of  the  density  and  rigidity  of  the  ether.    The  recent 
development  of  the  electromagnetic  theory  of  light  and  the 
location  of  electromagnetic  energy  in  the  ether  have  demanded 
properties  entirely  different  from  any  which  could  be  furn- 
ished by  a  rigid  elastic  solid,  and  new  ethers  have  been  pos- 
tulated accordingly.   Faraday's  discovery  of  the  rotation  of 
the  plane  of  polarization  of  light  in  a  magnetic  field  sug- 
gested that  the  particles  of  .Tiatter,  or  the  ether  in  connecticn 
with  them^must  be  in  rotation.    As  a  result  of  the  theories 
proposed  by  Ampere  and  ^''eber,  and  developed  by  I.Iaxwell,  mod- 
-■■'-  ■''-  -^^ies  of  magnetism  are  based  on  some  kind  of  rotary  or 


vortical  motion  in  the  ether,  and  if  a  piece  of  iron  is  mar^- 
netizea,  we  iinaf^ine  that  the  molecules,  or  something  about 
them,  rotate  also.   Maxwell  has  tried  to  detect  the  pres- 
ence of  any  such  rotation  in  an  electromagnet.    Vfith  a  kind 
of  gyroscope  he  showed  that,  if  it  exists,  the  angular  mo- 
mentUiU  must  be  small  compared  with  any  quantities  which  we 
can  measure.    An  attempt  was  made  at  the  suggestion  of  Pro- 
fes.sor  Rowland  by  Kr.  Paul  Mcjunkin  and  myself,  to  determine 
within  wh;  t  limits  it  is  possible  to  say  that  there  is  no 
frictionjlor  viscous  resistance  in  the  ether  connected  with 
such  rotation.    The  existence  of  permanent  magnets  shows 
that  any  retardation  due  to  any  kind  of  resistance  must  be 
very  slight. 

In  the  case  of  an  electro-magnet,  any  energy  used 
in  overcoming  such  resistance,  if  it  exi.sts,  must  be  derived 
from  the  exciting  current  and  the  disappearance  of  such  en- 
ergy will  produce  an  apparent  resistance  added  to  that  of  the 
wire.   An  attempt  was  therefore  made  to  determine  whether  a 
wire  carrying  a  current  had  the  same  electrical  resistance 
when  producing  a  magnetic  field  that  it  had  when  not  produc- 
ing it. 

The  experiment  consisted  in  winding  two  coils  of 
wire  together  on  an  iron  core  and  determining  whether  the 
resistance  was  the  Sfune  in  two  cases: - 

.1    Maxwell,  E.  and  1'..    Art.  575. 


(1).  WTien  the  current  was  so  passed  through  the  coil::  that 
ooth  produced  a  field  in  the  same  direction. 

(2).  IVhen  the  current  was  so  pat:sed  that  the  fields  produced 
counterbalanced  each  other. 

The  rreat  difficulty  in  the  experiment  lay  in  the 
necessity  of  measuring  the  resistance  of  a  coil  in  which  a 
comparatively  large  current  was  flowing.    In  order  to  over- 
come the  effect  of  changes  in  resistance  due  to  changes  in 
temperature,  two  coils  were  wound,  as  nearly  as  possible 
identical,  and  these  double  coils  were  used  for  the  four 
arms  of  a  Wheatstone's  bridge  so  that  the  temperature  would 
rise  in  all  four  arms  equally.   Each  coil  consisted  of  about 
2,500  turns  of  doubled  I'o .    30  copper  wire,  the  whole  enclosed 
in  an  iron  case,  boiled  in  wax  for  five  hours  and  cooled  in 
a  vacuum.   The  insulation  resistance  was  then  about  eleven 
megohms.    Iron  cores  were  used  and  it  was  found  that  the 
cases  effectually  protected  the  coils  against  sudden  changes 
in  temperature  due  to  air  currents  and  at  the  same  time 
served  as  yokes  to  the  magnets.   A  current  of  one-tenth  am- 
pere was  used  which  insured  a  high  state  of  magnetization  in 
the  iron  when  the  two  coils  were  in  series,  giving  5,000 
turns . 

The  coils  were  connected  in  the  bridge  in  such  a 
way  that  the  tv/o  coils  in  one  case  formed  the  opposite  arras 


of  the  bridge  as  shown  in  the  diaci'am. 


Pi: 


I. 


A  and  B  are  the  two  cases  and  O  the  galvanometer. 
At  ^.   was  a  reversing  switch  by  which  the  current  in  one  of 
the  coils  could  be  reversed.    This  changed  the  field  which 
might  affect  two  opposite  arras  of  the  bridge  and  thus  doubled 
the  deflection.    Another  switch  might  have  been  inserted  in 
the  other  pair  of  arms  and  thus  the  deflection  have  been 
f  '    -  ,  but  errors  cl';e  to  the  switches  would  also  have 


been  doubled  and  no  advantfige  gained.   The  reversing  switch 
was  carefully  constructed  with  large  copper  rods  fitting  into 
copper  mercury  cups.    The  contact  of  the  copper  was  yo  good 
that  thenaal  effects  weru  probably  inappreciable.   However, 
at  best,  the  inaccuracies  of  the  switch  limited  the  accuracy 
of  the  experiment. 

The  fine  adjustments  were  made  by  resistance  boxes 
shunted  round  one  of  the  coils.   About  15,000  ohms  in  this 
shunt  balanced  the  bridge.    A  change  of  one  ohm  in  the  shuTit  i 
gave  e  deflection  of  two  millimeters  a.nd  indicated  a  change 

in  the  resistance  of  the  arm  of  __,A._ ohm.   The  whole  re- 

lUO^O 

Eistance  teing  over  100  ohms  this  would  give  a  determination 
of  one  part  in  2,000,000  or,  since  the  deflection  is  doubled, 
one  part  in  4,000,000  for  each  arm.   The  mean  of  30  readings 
each  way  was  that  the  shunt  resistance  was  about  3.4  ohms  less 
with  magnetic  field  than  without.   The  shunt  was  sc  placed 
that  this  gives  a  less  resistance  by  one  part  in  1,200,000 
when  producing  a  magnetic  field. 

The  above  result  is  not  in  the  direction  to  indi- 
cate that  any  energy  is  used  in  maintaining  the  field.   The 
difficulty  ma.y  lie  in  the  fact  that  the  galvanometer,  though 
used  ot  night,  was  unsteady  at  best,  the  probable  arror  of 
the  mean  being  1.9  ohms,  or  it  may  be  due  to  leakage.   The 
resistance  of  the  coils  was  100  ohms  v;hile  the  insulation  re- 
si. "^i^incfi  -.vas  11.000.000  oloms.    If  the  leakage  is  svnmetrical 


along  the  doubled  wire  it  will  not  affect  the  galvanometer 
upon  reversing  the  curi'ent  in  one  coil,  hut  the  assumption 
that  it  is  syiruuetrical  may  not  be  justified. 

Another  important  question  to  be  decided  by  experi- 
ment concerns  the  relative  motion  of  ether  and  matter.   Does 
the  ether  immediately  surrounding  a  mass  of  nia,tter  move  with 
the  matter  in  its  excursions  through  space,  or  does  it  allow 
the  matter'  to  pass  unojjposed?   Experiments  upon  this  sub- 
ject give  discordant  results.    If,  a.s    the  above  experiment 
seems  to  show,  the  e cher  offers  no  frictional  or  viscous  re- 
sistance, we  might  expect  it  to  remain  stationary,  allowing 
the  free  passage  of  matter  through  it.    The  phenomenon  of 
aberration  and  the  shift  of  spectrum  lines  in  accordance  with 
Doppler's  principle  are  explained  on  this  hypothesis  as  well 
as  the  fact  that  no  comet  has  yet  shown  any  acceleration  due 
to  ethereal  resistance.    The  elaborate  experiments  of  Oliver 
Lodge  ,  in  which  he  passed  a  beam  of  light  several  times 
around  the  space  between  two  rapidly  rotating  discs,  failed 
to  show  any  difference  in  the  velocity  of  the  beams  passing 
round  in  opr^osite  directions. 

On  the  other  hand  the  fact  that  a  vibrating  mole- 
cule can  set  up  vibrations  in  the  ether  indicates  that  there 

is  some  sort  of  frictional  connection  between  the  molecule  and 

2 
the  ether.   Fizeau  has  shown  that  v;hen  two  beams  of  light, 


Phil.  Trans.  Vol.  '.j^..;- ;•  J '• .  p.  727,  1893. 

12    Ann  de  Chimie  et  Physique,  tome  L^ai,  p. 385,  1859. 
Aner.  Journal  of  .Science  31,  168C,  p.  377. 


passing  in  oijposite  directions  through  a  tube  of  water,  are 
made  to  interfere,  the  fringes  are  displaced  when  the  water 
is  set  in  motion,  indicating  that  the  ether  is  carried  with 
the  vmter.  His  measurements  indicated  that  the  water  moves 
a  little  faster  than  the  ether.  Again,  Michelson  and  Mor- 
ley  have  made  an  elaborate  series  of  experiments  with  their 
inteferometer,  and  have  been  able  to  detect  no  displacement 
of  the  fringes  as  the  instrument  was  rotated  through  differ- 
ent angles  with  respect  to  the  direction  of  ^n^tion  of  the 

earth,  thus  seeming  to  show  that  the  ether  moves  with  the 

2 

earth.   Sutherland  tried  to  explain  this  by  showing  tK^t 

the  displacenont  would  be  too  small  to  be  detected,  but 
Lodge  dismisses  this  explanation  and  suggests  that  the  mol- 
ecules of  the  instrument  and  of  the  heavy  stone  slab  on 
which  it  rests  may  bear  such  a  relation  to  the  ether  that 
they  are  compressed  along  the  line  of  motion  and  so  dis- 
tort the  instrument  just  enough  to  balance  the  effect  of 
the  relative  motion.   Whether  or  not  this  explanation  is 
valid  it  remains  for  future  experiments  to  decide. 

Another  method  by  which  this  problem  may  be  at- 
tacked is  to  study  the  natu^'e  of  electricity  and  its  re- 

4 
lation  to  .matter.    Maxwell  ^ade  two  interesting  experi- 

ments  along  this  line.   One  of  these,  in  which  he  showed 

1  Phil. }Jag. Vol. XXIV, p. 449,  1887.   Am.  Journ.3,  1897,  ]..475. 

2  Phil.  Mag.XLV,  p.  2:5,  1898. 

3  Phil.  Mag.-XLVI,     7  'V  '.''■''..    4.E.&!:.  Vol. II, arts  574,575. 


r 

I  that  a  coil  of  wit's,  carrying  a  current,  had  no  an{j;ular  momen- 
tum due  to  the  current,  has  already  been  mentioned.   In  the 
other  he  showed  that  electricity  has  no  linear  momentum 
since  a  delicately  suspended  coil  shov/ed  nc  i.endency  to  ro- 
tate in  its  own  plane  when  a  current  was  strirted  or  stopped 
in  it.    It  was  while  discussing  these  experiments  that  Pro- 
fessor Rowland  suggested  the  experiment  which  ive  have  since 
carried  out.    The  experiment  consisted  in  tryir.g  to  detect 
an  electro-motive  force  generated  in  a  wi^^e  wound  on  the  pe- 
riphery of  a  wheel  in  such  a  way  that  it  would  move  in  the 
direction  of  its  length  when  the  wheel  was  rotated.   Connec- 
tion was  made  to  a  delicate  galvanometer  hy  bringing  out  the 
ends  of  the  coil  of  wi^'e  at  the  centre  of  the  axis,  one  on 
either  side  of  the  wheel. 

Several  lines  of  thought  might  lead  us  to  expect  to 
find  a  current  in  such  a  circuit  when  the  wheel  was  rotated. 
If  we  consider  an  electric  current  to  be  a  continuous  giving 
way  of  the  ether  under  the  action  of  the  electric  stresses 
which,  in  a  dielectric,  give  rise  to  electric  displacement, 
then  we  may  think  of  a  moving  stream  of  ether  as  constitu- 
ting an  electric  current,  and  we  might  expect  that  a  wire, 
moving  relative  to  the  ether,  would  have  a  current  generated  ; 
in  it.   Moreover  we  are  familiar  with  several  phenomena  in 
which  the  behavior  of  positive  electricity  is  very  different 
f  negative,  such  as  the  disc"       "  negative, 


but  not  of  positive,  by  ultra-violet  light  and  the  complete 
dissirailarity  between  the  phenomena  at  the  electrodes  of  a 
Crooke's  tube  when  a  discharge  is  passing  through  the  tube. 
In  practically  all  of  these  cases  the  positive  electricity 
has  been  shown  to  be  more  sluggish  in  its  action  than  the 
negative.   J.  J.  Thomson  has  iinaglned  that  ordinary  metal- 
lic conduction  may  be  only  a  kind  of  electrolytic  action, 
in  which  we  might  expect  the  positive  electricity  to  move 
more  slowly  or  to  lag  behind  the  negative  in  a  moving  con- 
ductor.  Such  a  lag,  which  is  possible  witho^it  Thomson's  hy- 
pothesis, would  constitute  the  current  for  which  we  are  look- 
ing.  But  the  consideration  which,  above  all  others,  has 
led  us  to  look  for  such  a  current  is  the  fact  that  it  would 

~ive  us  at  once  a  siraple  explanation  of  the  cause  of  the 

2 
earth's  magnetism.  Dr.  Schmidt  ,  by  an  extension  of  Gauss' 

harmonic  analysis,  has  recently  arrived  at  the  conclusion 

that  97.5'"^  of  the  terrestrial  magnetism  is  due  to  causes  with- 

3  f 

in  the  earth,  while  Schuster  believes  that  not  more  than  5'' 

can  possibly  be  attributed  to  outside  causes.    This  fraction 
is  so  small  that  in  the  present  investigation  it  may  be  ne- 
glected entirely. 

The  earliest  explanations  of  this  phenomenon,  which 


1  ^   Recent  Researches,  Par.  34.    Rapports presente  uu  Con- 
gres  International  de  Physiques.  Paris,  1900, p. 138. 

2.  '^''-^     -t  Terre,  Dec  .  16, 1900  .    3  -^  .  '  .-- '--o  .    ^^'^f\,    p.  ''45. 
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ic-pend  upon  the  existence  of  permanent  magnetism  within  the 
jarth,  must  fail  since  no  substance  which  we  know  can  retain 
its  magnetism  at  the  high  temperatures  which  exist  in  the  in- 
terior.   In  1879  Ayrton  and  Perry  advancod  a  theory  which 
depends  upon  Rowland' s  experimental  proof  that  a  moving  elec- 
tric charge  acts  magnetically  like  a  current.   This  theory  as- 
sumes the  presence  of  a  large  negative  charge  of  static  elec- 
tricity placed  upon  the  surface  of  the  earth  and  rotating 

2 
with  it.   Rowland  successfully  disposed  of  this  theory  hy 

showing  that  a  surface  density  great  enough  to  account  for 
terrestrial  magnetism  would  involve  a  repulsive  force  suffi- 
cient to  tear  away  articles  on  the  surface.     To  overcome 
this  difficulty  Sutherland  has  assumed  that  an  equal  posi- 
tive charge  is  concentrated  at  the  centre  which  will  confine 
the  field  to  the  interior  of  the  earth.    To  keep  these 
charges  apart . an  insulation  resistance  is  necessary  which 
will  stand  a  fall  of  potential  of  2  x  10  volts  per  centime- 
ter.   The  high  temperature  within  the  earth  would  destroy 
the  insulating  power  of  most  substances  which  are  known  at 
the  surface,  so  that  Iv'r.  Sutherland  is  forced  to  assume  that 
pressure  will  counteract  this  effect  and  restore  the  insulat- 


1  Phil.  Mag.  VII,  p. 401,  1879;  Proc.Phys.  Soc .  of  London, 
III,  p. 57,  1880. 

2  Phil.  Mag.  VIII,  p. 102,  1879;  Proc.  Phys.  Soc .  of  London. 
Ill,  p. 93,  1880. 

3  Tei'restv'ial  Magnetism  and  Atmospheric  Electricity,  June, 


ing  power.    Until  we  have  t.aore  evidence  on  this  point  it 

seems  that  this  assumption  is  hardly  warranted.   As  far  back 

1 
;is  1825  Barlow  sug^-ejJted  that  magnetic  polarity  might  be  in- 

of  matter 
duced  by  mere  rotation^and  tried  the  experiment  with  iron 

spheres,  but  found  no  effect  except  that  due  to  hysteresis. 

In  recent  years,  however,  the  belief  has  been  gaining  ground 

that  terrestrial  magnetisiTi  is  due  to  the  rotation  of  the 

2 
earth.    "Schuster  ,  in  his  presidential  address  before  ."='.ec- 

tion  A  of  the  British  Association,  asks  the  question.  "Is 

2" 
every  large  rotating  mass  a  magnet?"  while  Lord  Kelvin" finds 

it  unimaginable  but  that  terrestrial  magnetism  is  due  to  the 
greatness  and  the  rotation  of  the  earth,  and  Professor  Row- 
land has  frequently  suggested  such  a  cau ?e  in  his  lectures. 
If  then  we  may  assume  thfU  matter  by  virtue  of  its 
jj  motion,  has  induced  in  it  an  electromotive  force  in  the  U- 
'  rection  opposite  to  that  of  its  motion,  we  may  proceed  to 
find  an  expression  for  the  magnetic  intensity  at  a  point  on 
the  surface  of  the  earth  due  to  such  currents  in  the  interior. 


1  Phil. Trans. of  Roy.Soc.of  London  1825,  Art.  XIV, 

2  British  Association  Reports  1892,  p.  634. 

3  Popular  Addresses  Vol.  II,  p.  511. 


The  maf^netic  potential  at  a  point  P  due  to  a  cur- 
rent in  an  elementary  circuit  is  equal  to  the  current  multi- 
plied by  the  solid  an^-le  subtended  at  P  by  the  circuit.   Let 
0  be  the  centre  of  the  earth  and  the  origin  of  coordinates. 
Consider  first  the  solid  angle  subtended  by  a  point  P  on  the 
axis  of  the  circle  which  represents  also  the  axis  of  rota- 
tion of  the  earth. 

Let  R  be  the  distance  of  P  from  the  origin 
r   "   "     "      "   circuit  from  origin 
r-j^  "   "     "     "  P   from  the  circuit 
-^   "   "   angle  subtended  at  0  by  circuit* 

X  "   "  latitude  of  P. 


Then  the  solid  angle  <i)  at  P^  =  2  TTd  -  cos  (f  } 
But 

R  +   r  cos  R  +   r  cos  ^ 


(V^  c/ 


V?.^+   2   r  R   cos  J  +    V- 


R/T+2"  r  cos  JT~Trp" 
R  1r7 


=  i  (R  +    r   cos^)    (1   -  r  p^  (  ^)    +      ^l  p^  (/,)_ 


where  p  {^)    ,  p  (^),  etc  are  zonal  harmonics. 
'        2 


Then 


"[ih^"^    -      ^'pgC")-   ff'P3(^J ] 


( '"In  ri  t  i  .-I  ),.r1  nn     rpvt  rirHi'ij) 


2  //  cosW^  "  W*^  ^1  ^  '^^  "*"   S'^ 


'2       '-'' 


For  a  point  off  the  axis  introduce  the  zonal  haiTnonics  of  tho 
angle;^  +  X) 


Then 


If  we  now  move  the  origin  to  the  centre  of  the  circle, 

a9   =  90°,  l^{^9)    =  pj  (  J   )  = =  0 

Pgf^)  =  -  1/2,   p^   (.i^)  =  3/8,  etc. 


and 


=.;,[^.  ^;-:  ^ff.A;-;^:/,(|.Aj...] 


|which  is  the  ordinary  expression  for  the  solid  angle  at  a 
point  subtended  by  a  circle  of  radius  r  when  the  centre  is 
at  the  origin  and  r  <  R. 

Assuming  that  the  electro-motive  force  generaited 
is  proportional  to  the  linear  velocity  we  inay  find  the  cur- 
rent due  to  the  rotation  of  the  earth  in  an  elementary  cir- 
cuit whose  cehtre  is  on  the  axis  and  whose  plane  is  perpen- 
dicular to  the  axis  of  rotation. 
Let  V  be  the  linear  velocity 
T  the  time  of  rotation 

^   be  the  t^.  ■".  T?.  renerated  in  1  cm.  moving  at  rate  of 

1  -  .    .  •  •,.-• 

JJ      \\  th   .  t  (.  r  I    :i  t'-    ;  -L  I 


£"  be  the  E.  11. 


.ted  in  one  circle 


c   "    "   current. 

/^  "    "   specific  resistance,  i.e.  the  resistance  of  one  c.c. 

m   "    "   magnetic  potential  due  to  one  circle. 

M   "    "      "        "     due  to  whole  earth. 

Then  C^ig.  II) 
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2  7r  r   sin  ^  •  — - "  -*^—  ^ 

T 


c  ^^ 


.  z.  rr^ 


T 

^  ,  %  n  A. 

^  .    X.  IT  A.    -^ 


Jj^  ^. 


^yy\    -     C   LJi 


i„  ^ 


^  1- 


A 


.  Z 


h(r, 


<  ~-^J  I  [^(P.(-)^<'^-)-'^'(f'^(-)-<U^)<-^-)^,( 


since  p  (  ^  )  =  cos  a^   ,  the  first  terin  =  0 


^h"\ 


The  remaining  terms  are  of  the  form 
FT 


where  m  >  2jand  each  term  of  this  expression  vanishes  ident- 
ically.  Thus  the  integral  becomes 
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since     /?r?+AJ=    r»<(f  +  A;  =  -    ^'^^A 

If  F  =  the  vertical  component  and  F^  the  horizontal 
coinponent  of  the  magnetic  intensity  at  a  point,  we  have 


V 

whence 

where  C  is  a  constant  defined  oy  the  next  equation. 

and 

A  _  /^   T  <^ 

The  vrilues  of  F  iinA  and  of  F  /  cos  A  for  ten  sta- 
tions, chosen  tc  ^^epresent  all  parts  of  the  earth,  are  given 
in  Table  I.  The  values  for  the  intensities  are  those  given 
"by  Bigelow   in  Johnson's  Cyclopaedia. 

Sihct  <  .e  magnetic  pole 
is  displaced  from  the  geographical  pole  the  magnetic  lati- 
tudes of  t      ■■  '     '     i.   These  were  cal- 


1   Johnson's  Cyclopaedia,  Vol.  V..  p.  469 
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culated  from  the  geographical  latitudes  and  lont'itudes  by  the 
well  known  formula  of  Astronomy. 

sinX  =  cos  f  sin  I  +  sin  i  cos  1  sin  h 

where  /.is  the  Tnap:netic  latitude 

t     is  the  polar  distance  of  the  magnetic  pole 

]   is  the  geographical  latitude 

b  is  the  geographiCHl  lonfiitude  from  the  magnetic  node. 


Owing  to  the  extreme  irregularity  of  the  magnetic 
system  it  was  useless  to  carry  the  calculation  below  the 
nearest  minute, and  the  nearest  quarter  degree  was  used  in 
case  of  the  longitudes.    The  position  used  for  the  magnetic 
pole  was  between  the  values  given  in  1890  by  ITewmayer   and 
•:ott,  i.e.  1  =  70°  15',  b  =  93°  30'.   This  gives  for  the 
polar  distance  £=  19°  45'  and  for  the  longitude  of  the  mag- 
netic node  b  =  3°  30'  V/  from  Greenwich.   The  values  of  the 
constant  C  agree  as  well  as  could  be  expected  in  view  of  the 
irregularity  in  distribution  of  the  magnetic  eleraents [owing 
to  unsymmetrical  permeability  and  conductivity  in  the  inte-   ^^^ 
rior   and  particularly  to  local  causes  of  disturbance^    If 
we  give  equal  weight  to  the  two  series  of  determinations  of 

"  as  given  by  the  equations  c  =  "F,  /  cosX  and  2L  c  =  F  /  sinA 

h  V         I 

obtain  a  mean  ralue  c=  .3//    .Substituting  this  in  equa- 
tion (3)  with  T  =  86,400  and  A  =^  6336.10^  we  have 


Johnson's  Cyclopaedia,  Vol.  v.,  p.  469 


_, 

_, 

•u 

L-' 

:^ 

<l 

o 

•D 

M 

P' 

<I> 

p 

{•■> 

o 

p 

H- 

'^ 

P 

•D 

t-' 

•ci 

c* 

w 

CO 

(t) 

<t) 

s- 

CD 

O' 

Q 

P 

ts- 

rs 

<D 

M 

o 

< 

> 

H- 

n 

3 

O 

o 

X 

c 

Q 

3 

3 

p 

=! 

3i 

o 

o 

"J 

o 

fo 

Oci 

c-i 

H<- 

m 

•^ 

r1 

o 

ro 

o 

X* 

ot; 

t3 

ft) 

p. 

o 

w 

o 

JY 

ra 

ro 

o 

o 

1 

CO 

h-" 

M 

(D 

(ID 

CO 

to 

CD 

cn 

1 

W 

w 

CD 

rf^ 

ID 

to 

w 

rf^ 

-0 
0 

M 

-1 

03 

to 

4^ 

ro 

to 

Ol 

^3 

CX5 

1 

w 

1 

o 

-J 

o 

to 
to 

ro 
o 

M 

oc 

M 
O 

O 

w 

00 
o 

o 

CJi 
M 

CJI 

-J 

s 

it. 
o 
-a 

^3 

en 

1 

o 

en 
~J 

•X) 

ro 
CO 

Ul 

to 
o 

ro 

4^ 

to 

ro 

to 

;o 

^3 

to 
to 
-J 

o 

CD 
-3 

ro 

ro 

O 

on 

s 

<1 

h^ 


*->» 


17 


' 


It  now  reEi<dn^.  to  determine  by  experiment  whether 


such  a  value  of  K  exists  as  shall  ^ive  to/^a  reasonable  value 

The  galvanometer  used  for  this  test  was  one  which 
could  be  made  extremely  sensitive,  more  sensitive,  in  fact, 
than  it  was  possible  to  use  in  Baltimore.   The  laboratory  has 
trolley  lines  on  two  sides  and  the  B.  and  0.  railway  tunnel, 
in  .vhich  heavy  electric  locomotives  are  used,  passes  nearly 
underneath.   As  a  result  there  were  only  one  hundred  minutes 
daily,  divided  into  three  periods  between  1:30  and  4  A.  !.'. 
when  the  instrument  could  be  expected  to  be  usuable,  and  oc- 
casionally entire  nights  passed  without  the  possibility  of 
obtaining  any  satisfactory  readings.    Owing  to  this  cause 
the  progress  of  the  work  has  been  slow  and  the  results  at 
best  are  unsatisfactory. 

The  magnetic  system  of  the  galvanometer  consisted 
of  two  sets  of  magnets,  each  containing  three  small  magnets 
about  one-eighth  of  an  inch  long,  mounted  on  a  fine  glass 
thread  at  a  distance  apart  of  about  1  inch.  ITidway  between  the' 
two  sets  of  magnets  was  placed  a  very  small  mirror.  The  iner- 
tia of  the  whole  system  was  thus  reduced  to  a  minimum.   The 
suspension  was  a  quartz  fibre.    Frequent  attempts  were  made, 
by  testing  the  sensibility  in  both  directions  on  the  scale, 
to  determine  whether  there  was  any  appreciable  torsion  in 
the  fibre,  but  none  was  detected  which  was  comparable  with    J 


outside  irregularities  though  the  system  sometimes  turned 
through  several  turns  while  being  made  astatic.   A  magnetic   i 
shield  consisting  of  three  concentric  cylinders  of  soft  iron 
was  used  during  a  part  of  the  time  hut  even  with  this  the 
galvanometer  could  be  used  only  during  the  three  quiet  pe- 
riods.   It  was  found  advisable  to  demagnetize  the  shield  oc- 
casionally either  by  heating  to  a  red  heat  or  by  placing 
around  it  a  coil  carrying  an  alternating  current  and  then 
slowly  reducing  the  strength  of  the  current.   By"sensibility" 
of  the  galvanometer  is  meant  the  current  required  to  give  one 
millimeter  deflection  w?ien  the  resistance  of  the  galvanometer 
(four  coils  in  series)  was  fifty  phms  and  the  scale  was  dist- 
ant one  meter.   The  test  current  was  derived  from  a  dry  cell 
of  1.4  volts  Y.    M.  F.  cut  down  by  shunts  of  10/l400  and 
lOO/lOOOO  and  then  passed  through  10000  ohms  in  series  with 
the  galvanometer.    The  coll  on  the  experiment  wheel  was  al- 
ways in  series  v/hen  the  sensibility  v/as  tested,  the  resist- 
ance being  negligible  in  comparison  with  the  10000  ohms.  The 
testing  system  was  kept  connected  so  that  it  could  be  used 
at  frequent  intervals  during  the  progress  of  the  readings  and 

while  the  wheel  was  running.    The  sensibility  during  the 

-10 
last  and  best  of  the  readings  was  kept  at  10     .    At  this 

sensibility  the  galvanometer  v/as  "dead  heat"  and  the  tim.e  re- 
quired for  a  single  throWjOi'  one-fourth  of  a  complete  period^ 
T- -   -oiit  fifteen  seconds.   '^he  sensibility  could  be  increased 
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beyond  this  by  further  cutting  down  the  I'iela.   Occas ionalJy 

1 1  -12 

lO'-^-^  and  a  one  trial  4.5  x  10   was  reached,  but  the  time 

required  for  a  single  throw  was  increa^-ed  to  two  or  even  three 

minutes  and  the  time  required  for  a  complete  reading  seldom 

elapsed  v/ilhout  a  variation  in  the  thermal  current  or  some 

magnetic  disturbance  from  outside. 

At  these  high  sensibilities  it  is  interesting  to 
note  that  the  throw  due  to  a  small  instantaneous  induction 
current  depended  directly  upon  the  current,  but  was  practi- 
cally independent  of  the  sensibility  of  the  galvanometer, 
showing  that  the  inertia  of  the  system  v^ras  negligible  com- 
pared with  the  damping. 

The  first  attempt  to  detect  an  electromotive  force 
due  to  the  longitudinal  motion  of  a  wire  v/as  made  with  a  coil 
of  rectangular  cross  section,  of  No.  30  copper  wire,  wound 
in  a  slot  cut  in  the  side  of  the  rira  of  a  wheel.     '''he  rim 
was  sli  radially   to  avoid  currents  in  the  wheel  itself. 
The  mean  radius  of  the  coil  was  6.25  eras,  and  the  speed  was 
70  turns  per  second,  giving  a  linear  velocity  of  2700  cms. 
per  second.   The  length  of  wi-'e  was  about  42000  cms.  and  re- 
sistance 146  ohms.    This  wheel  was  rotated  in  both  direc- 
tions at  a  time  when  a  deflection  of, one  millimeter  might 
have  been  detected,  but  no  reversible  deflection  of  this 
amount  was  obtained,  though  some  irregular  deflections  were 
obtained  due,  doubtless,  to  slight  variations  in  the  magnetic 


field  through  the  coil.    The  continuity  of  the  circuit  wa:--. 
frequently  tested  by  moving  a  map;net  near  the  coil  and  noting 

the  throw  due  to -the  induced  current.   The  sensibility  of 

-9 
the  galvanometer  was  1.6  x  10  "  and  the  resistance  of  the 

_7 
circuit  200  ohms,  so  that  an  E.  N.  F.  of  3.2  x  10   volts  in 

the  circuit,  corresponding  to  K  =  3  x  10~  '  volts  would  prob- 
ably have  been  detected,  though  this  is  by  no  means  certain. 

The  foiin  of  the  above  coil  was  not  satisfactory. 
It  was  enclosed  on  three  sides  by  brass  and  the  turns  on  the 
interior  were  so  shielded  by  those  on  the  exterior  that  com- 
paratively few  would  be  exposed  directly  to  the  action  of 
the  ether  if  the  ether  were  dragged  along  as  a  viscous  fluid 
would  be.    A  new  wheel  was  tZierefore  built  whose  periphery 
was  a  cylinder  4.2  cms.  broad  and  of  7.3  cms.  radius.   On 
this  was  wound  in  a  single  layer  175  turns  of  !To .  33  copper 
wire  giving  a  resistance  of  57  ohms.   A  test  similar  to  the 

above  was  made  with  this  wheel  with  the  result  that  no  re- 

-14 
versible  E.  M.  F.  as  large  as  K  =  1.2  x  10    volts  was  de- 
tected.  The  practical  result  of  these  two  tests  was  to  show 
that  any  E.  ?I.  F.  which  might  exist  could  be  detected  only 
by  averaging  a  long  series  of  readings  and  this  was  next  un- 
dertaken. 

The  sources  of  difficulty  in  ms.king  these  measure- 
ments were  numerous.   In  order  to  insure  smooth  running  at 


^ 


t  -e  high  speeds  attained  the  most  delicate  halancin;.'  of  the 
heel  was  necessary.   The  wheel  was  mounted  on  a  long  slender  jj 
■teel  shaft  which  was  sufficiently  flexible  to  allow  rota- 
tion about  a  true  principal  axis  whon  a  high  speed  was  once 
reached,  but  trouble  was  experienced  in  passing  the  point  at 
which  the  speed  of  the  wheel  equaled  the  period  of  vibration  i 
of  the  wheel  on  t}ie  shaft.    Here  vibration  became  so  exces- 
sive that  the  motor  was  sometimes  unable  to  increase  the      i 
speed  beyond  tliat  point.    The  difficulty  was  overcome  by 
allowing  the  cast  iron  base  of  the  machine  to  stand  un- 
damped on  cotton  or  on  several  thicknesses  of  cardboard, 
and  by  most  careful  balancing.   Another  source  of  trouble 
lay  in  tiae  thernal  currents  in  the  circuit  caused  by  the      [ 
heating  of  the  copper-silver  Junctions  by  the  heat  flowing 
away  from  the  bearings  when  the  wheel  was  running.   The  ter- 
minals of  the  coil  were  led  out  through  the  end  of  the  shaft  j 
in  order  to  avoid  as  far  as  possible  any  friction  and  conse- 
quent heating  at  the  brushes  and  to  reduce  to  a  minimum  any 
alternating  currents  due  to  motion  of  conductors  in  the 
earth's  field.   After  running  for  some  minutes  the  tempera- 
ture would  become  approxijnately  steady,  but  at  best  the  va- 

j' 
riations  in  the  thermal  F.  M.  '^ .    at  the  junctions  of  the      i 

wire  were  much  greater  than   the  E.  M.  F.  for  which  we  were 
looking.    These  ther/ual  currents  were  reduced  to  a  minimun 
^-  -;  i  -  ■  '•  M  same  wire,  so  far  as  possible,  for  all  connec-   | 


tions,  but  this  could  not  be  done  where  the  circuit  pai^sed 
from  the  tip  of  the  axis  to  the  Vrush,  for  it  was  necessary 
to  use  silver  to  insure  good  contact.    Silver  wires  were 
used  for  several  inches  in  both  directions  from  the  brushes. 
The  contact  at  the  brushes  was  another  source  of  difficulty. 
The  lead  wires  were  led  side  by  side  from  the  rim  to  the 
axis  of  the  wheel,  but  still  a   slight  alternating  current 
existed  sufficient  to  give  a  throv;  of  about  five  millimeters 
on  the  galvanometer  scale  when  the  wheel  was  turned  quickly 
through  a  half  turn.   This  would  give  no  difficulty  at  high 
speeds  unless  the  brush  were  thrown  off  periodically  so  as 
to  act  as  a  commutator.   This  appeared  sometimes  to  occur 
when  the  silver  tip  dug  a  small  cavity  in  the  plane  surface 
of  the  spring  bearing  against  it.    This  was  overcome  by  fre- 
quently smoothing  off  the  plane  surface  with  a  file.   This 
difficulty  was  so  great  with  copper  contacts  that  it  was  nec- 
essary to  use  silver  as  was  mentioned  above.     another  dif- 
ficulty lay  in  the  fact  that  the  inertia  was  so  great  that, 
though  all  Joints  were  carefully  soldered,  earth  connections 
and  breaks  were  frequent  at  the  joints  or  in  the  wire  itself. 
These  breaks  were  frequently  not  complete  but  simply  gave  a 
variable  contact  and  were  extremely  hard  to  locate  without 
I  removing  all  connections  and  replacing  with  new.   This  was 
particularly  true  in  the  later  experiments  among  the  cornpli- 


catecl  connections  of  the  reversing  switch.  I 

The  wheel  was  run  "by  a  belt  frjm  a  one-sixth  horse- 
power electric  motor.    It  was  found  necessary  to  keep  the 
frame  of  the  machine  in  electrical  connection  with  the  gas 
fixture  in  order  to  avoid  violent  throws  of  the  galvanometer 
needle  due  to  static  electricity.    The  speed  first  used  was 
85  turns  per  second.   Later  a  latger  pulley  was  used  giving 
125  turns  and  this  was  sometimes  increased  to  150  by  shift inK 
the  brushes  on  the  motor  at  each  reversal.    If  this  was  done 
after  a  high  speed  was  reached  sparking  was  not  excessive. 
In  the  early  experiments  the  motor  magnets  changed  the  zero 
of  the  galvanometer  by  about  two  centimetres.   It  was  impos- 
sible to  detect  any  unsteadiness  due  to  the  motor  when  run- 
ning, but  in  the  later  experiments  it  was  moved  to  the  farther 
side  of  the  room  wiere  it  had  no  perceptible  effect  on  the 
galvanometer. 

In  taking  the  readings  recorded  in  table  II  the 
wheel  was  run  in  one  direction  while  five  deflections  were 
taken.   Then  the  motor  was  reversed  by  reversing  the  current 
in  the  armature,  so  as  to  affect  the  galvanometer  as  little 
as  possible,  and  five  more  deflections  were  recorded,  and  so 
on.     A  reading  was  thrown  out  if  there  was  any  indication 
that  it  had  been  affected  by  outside  influences.   The  wire 
was  so  wound  on  the  wheel  that  positive  electricity  lagging 
"  '  ;  1  vould  pass  off  the  end  of  the  axis  away  from  the  pulley  I 


when  the  wheel  was  rotating  in  the  positive  direction.   To  de 
ter^ine  in  wl-iich  direction  this  would  deflect  the  galvanometer 
a  small  test  battery  was  used  consisting  of  two  copper  wires 
to  one  end  of  which  brass  plates  were  soldered.   To  the  other 
end  of  one  wire  a  zinc  plate  was  soldered.   The  brass  plates 
were  separated  by  a  piece  of  paper  and  inserted  between  the 
silver  sprin^;  ;ind  the  tip  in  the  axle,  so  that  the  circuit    ;, 
was  complete  through  the  test  wires.    On  the  zinc  plate  was 
placed  a  moistened  piece  of  paper  and  this  was  touched  by  the 
copper  wire  which  was  connected  to  the  brass  plate  nearer 
the  galvanometer.   Thus  the  current  from  this  battery  passed 
through  the  galvanometer  in  the  sane  direction  as  a  positive 
current  from  the  wheel.         'i'his  was  such,  during  the 
first  readings  in  table  II  as  to  give  a  negative  deflection. 
Thus  these  readings, while  very  variable,  were  uniformly  in 

the  right  direction.   The  sensibility  of  the  galvanometer 

-9 
was  3  X  10   ,  length  of  wire  8000  cms.,  velocity  3900  cms. 

per  sec.  and  resistance  of  circuit  100  ohms.   The  deflection 

-15 
of  .33.5  m  i.i  in  each  direction  would  give  K  =  3  x  10   volts. 

Suostitutin;-;  this  in  equation  (3)  we  find  f>  =  .f^   ohm,  a  re- 
sistance Sbovt     3000  times  that  of  mercury.   Such  a  conduct- 
ivit:  i.s  easily  possible  considering  the  high  temperature  ex- 
isting in  the  interior  of  the  earth,  and  at  this  stage  the 
experiment  appeared  most  promising. 

The  experiment  was  next  varied  by  crossing  the  lead 
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Wires   Direct. 

Wires  Crossed 

Speed 

85  t 

•irns. 

Speed  150  Turns. 

No.  of 

ITo.of 

Nov. 

Read- 

Read- 

ings. 

Rot.  + 

Rot.- 

Dif.   ings. 

Pot.+  Pot.-   Dii-. 

23 

100 

_ 

698 

-599 

-  99 

24 

55 

- 

316 

-300 

-  16 

1 

29 

40 

+ 

106 

+  125 

-  19 

Dec. 

6 

50 

_ 

25 

+  12 

-  37 

12 

120 

+ 

65 

+  200 

-135 

Jan. 

2 

100 

- 

164 

-161 

-   3 

2 

100 

- 

287 

-226 

-  61 

3 

100 

F65 

' 

245 

-171 

-  74 

r44T 
-.67 

Speed 

150 

Turns. 

Jan. 

Jdh. 

4 

100 

+ 

129 

+  197 

-    68  i'    60 

+  156  +198    -  42 

4 

70 

+ 

91 

+  176 

-  85  t  50 

+  24   +60    -  36 

6     50  +    52      +    65         -    13 

Wires   crossed  here.    See   opp.i    50  +154     +112        +   42 

f    50  +111      +    62        +    49 

9  60  +    111      +131      -20/60  -30+36        -    66 

10  50  -      65      -    90      +    25 

Wires   changed  here.. See   opp, 
Wires   crossed  here. See   opp. 

12  60  -    273      -312      +    39     /o   70 

13  100  -    267      -310      +    43      //    60 
15              100  -    322      -365      j^43      //    60 

SIC  -    2.3     //    60 

Wires   changed    ::iere..?ee   opp. 
-205  ~~ 


TABLE      1 1 . 


-129 

-137 

+   8 

-249 

-182 

-  67 

-2  67 

-225 

-  42 

-266 

-226 

-  38 

wires  on  the  wheel  so  as  to  bring  them  out  at  opposite  ends 
of  the  shaft  with  the  result  that  the  readings  failed  to  re- 
verse properly.   The  galvanometer  terminals  were  also  re- 
versed occasionally,   the  readings  being  consistent  in  every 
case.    The  signs  have  been  arranged  consistently  in  Table 
II,  so  that  negative  signs  v/ith  direct  v;ires  and  positive 
signs  with  crossed  wires  mean  currents  in  the  -roper  direc- 
tion.  These  readings  were  so  inconsistent  that  a  reversing 
switch  was  devised  which  was  placed  directly  on  the  shaft  and 
could  be  reversed  while  the  wheel  was  in  motion.   This  de- 
vice removed  the  large  variations  in  thermal  currents  due  to 
stopping  the  wheel,  and  eliminated  the  effects  of  all  electi-c- 
motive-forces  in  the  circuit  except  those  on  the  v/heel  it- 
self, only  these  being  commuted.     The  sv/itch  with  its  con- 
nections is  shown  in  Pig.  Ill,  The  wires  froii  the  v/heel  and 
from  the  silver  tips  in  the  shaft  end  in  copper  r;prings  a.  a. 
Contact  is  made  between  these  springs  by  means  of  two  copper 
plates  b,  b,  mounted  on  a  fibre  collar  which  can  be  moved 
along  the  shaft  by  a  small  rod  placed  in  the  groove  in  the 
movable  collar  c.   The  copper  springs  were  properly  bent  and 
were  controlled  by  adjusting  screws,  so  that  good  contact  was 
assured.    The  complete  switch,  shown  plane  in  the  figure, 
was  cylindrical  and  was  only  3  cms.  in  di&jneter,  so  that  the 
various  parts  were  kept  as  nearly  as  possible  at  the  same 
temperature.    The  reversing  rod  was  touching  the  collar  c 
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only  during  the  instant  of  reversal.   The  switch  moved  ear.ily 
but  was  held  firmly  in  position  at  the  end  of  the  throw  by 
the  pressure  of  the  copper  springs.    The  connections  of  the 
switch  were  such  that  the  positive  terninal  froir  the  wheel 
was  connected  to  that  end  of  the  shaft  toward  which  the 
switch  was  thrown.   This  was  verified  by  passing  a  current 
through  the  machine  and  nC  ing  the  deflection  of  a  small  com- 
pass held  above  the  wheel.    This  test  was  also  applied  when 
the  wheel  was  rotating,  as  an  assurance  that  everything  was 
in  order.   Another  test  frequently  applied  was  to  pass  a  cur- 
rent through  a  delicate  milainmeter  in  series  with  the  wheel. 
The  slightest  change  or  unsteadiness  in  the  needle  when  the 
machine  was  started  was  an  indication  of  trouble.   If  any 
friction  exists  between  the  ether  and  the  moring  wire,  and 
if  there  is  any  viscosity  within  the  ether  itself,  it  is  prob- 
able that  the  notion  of  tlje  wheel  would  produce  corv  action 
currents  which  would  greatly  reduce  the  amount  of  relative 
motion  between  the  wire  and  the  ether  in  immediate  contact 
with  it.    To  overcome  this  as  far  as  possible  a  copper  ring 
or  shield  was  cast  and  placed  around  the  wheel.   The  width 
of  the  shield  was  the  same  as  that  of  the  wheel,  the  internal 
diameter  three  mms.  greater  than  the  diameter  of  the  wheel, 
and  the  thickness  of  copper  was  tv/o  cms.    The  weight  was 
tv/elve  lbs.    To  eliminate  any  effect  due  to  the  earth's  mag- 
He  wheel  was  rotated  alternately  in  and  at 


right  Einrles  to  the  plane  of  the  mafinetic  meridian,  hut  no 
consistent  results  were  obtained. 

Table  III  contains  the  results  of  920  readings  by 
this  method.  Each  reading  consists  of  a  zero,  a  deflection 
given  by  throwing  the  reversing  switch,  and  another  zero 

given  by  throwing  the  reversing  switch  back.    The  galvanom- 

thermdl 
cter  circuit  was  kept  made  thus  eliminating  currents  which 

may  have  appeared  in  the  earlier  readings.   The  galvanometer 
terminals  were  reversed  by  a  simple  mercury  switch.    Care 
was  taken  to  avoid  touching  any  part  of  the  circuit  during 
a  series  of  readings.    The  sensibility  of  the  galvanometer 
was  10"''.    The  signs  have  been  so  adjusted  in  the  columns 
of  differences  th^t  positive  differences  always  mean  deflec- 
tions in  the  direction  looked  for.   The  wheel  during  this 
series,  was  wound  with  8000  cms.  of  W.    36  copper  wire  giving 
a  resistance  of  170  ohms  in  the  circuit.   The  speed  was  6000 

cms.  per  second.    The  average  deflection  of  .02  mm.  then 

— 17 
corresponds  to  K  =  7.5  x  10   volt  or  to  ^  =  .00?  ohm,  a  re- 
sistance only  90   tim.es  as  great  as  that  of  mercury.    In  the 
series  recorded  in  Table  IV,  taken  eight  months  later  with 

a  galvanometer  ten  times  more  sensitive  a  deflection  of  .175 

direction 
mm  in  the  opposite  \vas  obtained  and  this  is  about  sufficient 

A 

to  balance  the  last.   It  seems  certain,  then,  that  a  resi.^'t- 
ance  no  greater  than  90   times  the  resistance  of  mercury  woula 
be  requii'eo  for  the  interior  of  the  earth  if  terrestrial  mag- r 
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netism  were  due  to  this  cause.  Schuster  has  shown  that  the 

averape  specific  resistance  of  the  earth  must  he  as  high  as 

13 
p    =   1.23  X  10   C.  G.  S.  units,  a  value  IfOOOOO  times  as 

great  as  that  derived  above,  to  account  for  the  earth  cur- 
rents induced  by  the  curi'ents  in  the  upper  atmosphere,  which 
are  undoubtedly  the  primary  cause  of  the  short-pericd  varia- 
tions . 

As  has  been  mentioned  an  attempt  was  made  in  some 
of  the  experiments  to  reduce  possible  conveccicn  currents  in 
the  ether  by  placing  a  heavy  copper  shield  around  the  v/heel. 
Another  attempt  to  accomplish  the  same  thing  was  made  by 
placing  an  electric  charge  on  an  insulated  brass  shield  sur- 
rounding the  wheel.    Professor  Rowland's  convection  experi- 
ment 'mentioned  above  proves  that  a  moving  charge  is  accompa- 
nied by  the  ether,  thus  producing  the  magnetic  phenomena. 
Conversely,  a  charge  held  at  rest  should  hold  the  surround- 
ing ether  at  reat .   The  shield  with  the  wire  on  the  wheel 
formed  a  short  cylindrical  condenser  whose  dimensions  were 


1   =   4.3  cms.    =    length. 

b  =   e.O      "        =   radius   of   shield. 

a  =   7 .3      "        =  "  "    v/heel. 

d  =  0.7   "   =b-a  =  distance  betv/een  plates 

"  =  197  sq .  cms.  =  area  of  wheel. 


Thus  the  capacity  was 
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The  potential  V  wae  5000  volts  or  IC   C.  G.  S.  Units 
giving  for  tlie  surface  density 


(T   = 


C  V 


=  1.9  C.  G.  S.  unit:-. 


In  makinc2  these  readings  one  point  of  the  galvanom- 
eter circuit  was  connected  to  earth  while  the  galvanometer 
frame,  magnetic  shield,  frar.ie  of  vmeel,  and  one  pole  of  the 
ilectric  machine  v/ere  also  earthed.  The  other  pole  of  the 
lectric  machine  was  connected  to  the  shield.   A  battery  of 
six  one  gallon  Leyden  jars  was  used  to  prevent  rapid  changes 
in  potential.    The  wheel  was  wound  with  8000  eras,  of  No.  33 
copper  wire,  single  silk  covered,  givirg  a  resistance  of  70 
ohms.     Owing  to  some  difficulty  which  it  was  found  impos- 
sible to  locate  or  eliminate,  the  silver  brushes  were  re- 
moved and  the  silver  tips  in  the  shaft  were  replaced  by  fi.ne 
copper  wires  passin^i  out  along  the  line  of  the  shaft  and  ent- 
ering small  horizontal  glass  tubes  filled  with  mercury.   The 
galvanometer  terminals  entered  the  other  end  of  the  tubes. 
After  several  hours  of  running  the  wheel  the  large  unsteady 
deflections  had  almost  entirely  disappeared. 

There  was  an  air  gap  in  the  shield  which  prevented 
the  electricity  from  flowing  around  on  the  shield  when  the 
wheel  was  running.   If  now  the  stationary  charge  on  the  shiel4 
holds  stationary  the  induced  charge  on  the  wheel,  then  the    i 


wire  must  move  with  reference  to  the  ether  in  its  iminediati? 
neighborhood.   This  experiment  was  tried  with  nef:ative  re- 
sult, three  times  at  intervrtls  of  several  months.    The  final 

series  of  readings  frou  the  last  trial,  taken  v;hen  the  sen- 

-30 
sibility  of  the  galvanometer  was  10    is  given  below: 


Average 

+  3.2 

+  3.5 
-   .2 

+  1.7 


The  last  set  v/as  taken  within  thirty  minutes  of  an 
accident  which  necessitated  the  soldering  of  two  joints  on 
the  wheel  in  the  galvanometer  circuit,  and  therefore  cannot 
be  compared  with  the  one  above  taken  on  the  same  night.   If, 
however,  we  average  these  readings,  assuming  that  the  direc- 
tion of  the  readings  should  reverse  both  with  the  charge  and 
with  the  direction  of  rotation  v/e  obtain  a  mean  of  .35  m  m  or  | 
.175  m  m  in  each  direction, which  is  identical  in  magnitude    |. 
with  that  obtained  under  similar  circumstances  with  no  charge 


Jan. 

No.  of 

Dif.  of 

readings 

Rot. 

Charge . 

readings 

20 

10 

+ 

+ 

+  32 

20 

10 

+ 

- 

+  36 

21 

10 

- 

+ 

-  2 

21 

10 

- 

- 

+  17 

31 
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